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A novel human protoparvovirus related to human bufavirus 
and preliminarily named cutavirus has been discovered. 
We detected cutavirus in a sample of cutaneous malignant 
melanoma by using viral enrichment and high-throughput 
sequencing. The role of cutaviruses in cutaneous cancers 
remains to be investigated.

Parvoviruses are small nonenveloped DNA viruses with 
a single-stranded linear genome of ≈5 kb. In 2016, a 

novel species within the Protoparvovirus genus was dis-
covered in fecal samples from children with diarrhea in 
Brazil and subsequently detected in samples of mycosis 
fungoides lesions (cutaneous T-cell lymphoma) of pa-
tients in France (1). This virus, provisionally named cuta-
virus, shows highest identity to the human bufaviruses of 
the Primate protoparvovirus 1 species. Bufaviruses are 
found in human fecal samples in low percentages (2–7). 
Using viral enrichment methods, we detected a cutavirus 
strain in an additional type of cancer, cutaneous malignant 
melanoma, further expanding the range of tissue types 
harboring cutaviruses and adding to the knowledge of the 
human virome.

We subjected a clinical sample of a cutaneous malignant 
melanoma lesion from a patient in Denmark to enrichment 
of virion-associated nucleic acids and enrichment of circu-
lar DNA molecules, followed by high-throughput sequenc-
ing (online Technical Appendix, http://wwwnc.cdc.gov/
EID/article/23/2/16-1564-Techapp1.pdf). BLASTn (https://
blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_
TYPE=BlastDocs&DOC_TYPE=Download) analysis orig-
inally identified contigs related to human bufaviruses in de 

novo assembled contigs from both datasets. In light of the re-
cently published cutavirus genomes (1), we compared these 
sequences with the cutaviruses and found high similarity to 
the cutaviruses. From overlapping contigs, we obtained the 
4,452 bp (from start nonstructural protein 1 [NS1] to end 
viral protein 1 [VP1]) near-complete genome of a novel 
cutavirus strain, CutaV CGG5–268 (GenBank accession no. 
KX685945). Similar to the other cutavirus genomes, CutaV 
CGG5–268 included NS1 and VP1 open reading frames 
(ORFs) encoding proteins of 659 aa and 707 aa, respective-
ly. The CutaV CGG5–268 sequence also contained the small 
putative 333-nt middle ORF, starting at position 2021, and 
a 270-nt ORF located within the VP2 coding region, start-
ing at position 2768. Further testing is required to determine 
whether these ORFs encode proteins.

We performed phylogenetic analysis based on the NS1 
and VP1 amino acid sequences (Figure). Because 4 of the 
7 published cutavirus genomes contain partial NS1 se-
quences, we included only 3 cutavirus strains in the phylo-
genetic analysis of NS1 . NS1-based analysis placed CutaV 
CGG5–268 closest to CutaV FR-F identified in a mycosis 
fungoides patient in France, whereas VP1-based analysis 
placed CutaV CGG5–268 closest to CutaV BR-450 identi-
fied in the feces of a child in Brazil.

Cutaviruses were discovered in human fecal samples 
by use of metagenomics and subsequently detected in 4 
of 17 samples of mycosis fungoides lesions; however, 21 
skin samples, including samples from skin cancers and 
parapsoriasis lesions, tested negative for cutavirus (1). Our 
discovery of cutavirus in a sample of cutaneous malignant 
melanoma shows that extraenteric presence of cutaviruses 
is not limited to skin infiltrated by neoplastic T cells. The 
detection of cutaviral DNA after virion enrichment may 
indicate viral replication taking place in the affected tissue. 
Human bufaviruses have so far been detected only in fecal 
samples, predominantly from patients having diarrhea or 
gastroenteritis, and in only 0.27%–4% of samples (2–8). 
Another virus of the Parvoviridae family, human parvovi-
rus B19, is shown to persist in multiple tissue types, in most 
cases without an established correlation to disease (9).  
Animal protoparvoviruses have also been detected in sev-
eral sample types, as discussed elsewhere (1). Thus, future 
studies may reveal an expanded range of tissue types har-
boring cutaviruses. So far, cutaviruses have only been de-
tected in the tissues investigated, and their direct involve-
ment in disease has not been established. One limitation 
of this study is the lack of healthy controls for assessing 
whether cutavirus can also be detected in healthy skin. 
Furthermore, screening of a larger number of samples is 
necessary to determine the prevalence of cutavirus in ma-
lignant melanoma.

In 9 additional melanoma samples investigated in our 
laboratory, we did not identify contigs with similarity to 
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those of cutavirus or bufavirus. All 10 samples were tested 
for cutaviral DNA by real-time PCR, but only the sample 
in which the cutaviral contigs were detected had positive 
results (online Technical Appendix). We can only specu-
late regarding the cell tropism of cutaviruses; neverthe-
less, our study opens the possibility that cutaviruses rep-
licate in melanocytes, which are present in the epidermal 
layers of the skin, where cutavirus DNA was detected by 
in situ hybridization (1). Melanocytes are also present in 
low numbers in the enteric epithelium, where melanomas 
can occur, though rarely (10). However, the cell tropism 

and potential pathogenicity of human protoparvoviruses 
remain to be investigated.
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Figure. Phylogenetic analysis of 
human cutaviruses (CutaV) and 
bufaviruses (BuV) based on the full 
nonstructural protein 1 (A) and viral 
protein 1 (B) amino acid sequences. 
The trees were constructed by 
the maximum-likelihood method 
with 100 bootstrap replicates. 
Gray fox amdovirus was used as 
an outgroup. Bold indicates novel 
CutaV strain (CGG5–268) from this 
study. Scale bars indicate amino 
acid substitutions per position. 
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We report reoccurrence of highly pathogenic avian influen-
za A(H5N2) virus clade 2.3.4.4 in a wild mallard in Alaska, 
USA, in August 2016. Identification of this virus in a migra-
tory species confirms low-frequency persistence in North 
America and the potential for re-dissemination of the virus 
during the 2016 fall migration.

Historically, apparently effective geographic barriers 
(Bering and Chukchi Seas of the North Pacific Ocean) 

appeared to limit dissemination of Asian-origin, highly 
pathogenic avian influenza virus (HPAIV), such as influenza 
A(H5N1) virus A/goose/Guangdong/1/1996 (Gs/GD), be-
tween the Old and New Worlds (1). However, such barriers 
are incomplete; occasional spillovers of virus genes move 
from 1 gene pool to another (2). Asian-origin HPAIV H5N8 
was identified in North America at the end of 2014 (3).

Novel HPAIVs H5N1, H5N2, and H5N8 emerged in 
late 2014 by reassortment with North American low patho-
genicity avian influenza viruses (4). A novel reassortant 
H5N2 virus originating from Asian-origin H5N8 virus 
clade 2.3.4.4 and containing Eurasian polymerase basic 2, 
polymerase acidic, hemagglutinin, matrix, and nonstruc-
tural protein genes and North American lineage neuramini-
dase (NA), polymerase basic 1 (PB1), and nucleoprotein 
genes was identified on poultry farms in British Columbia, 
Canada, and in wild waterfowl in the northwestern United 
States. This virus subsequently predominated during influ-
enza outbreaks in the United States in 2015.

During the boreal summer, birds from 6 continents 
(North America, South America, Asia, Africa, Austra-
lia, and Antarctica) fly to Alaska, USA, to breed. Thus, 
Alaska is a potentially major location for intercontinental 
virus transmission (1,2). Recent data provide direct evi-
dence for viral dispersal through Beringia (5,6). Genetic 
evidence and waterfowl migratory patterns support the 
hypothesis that H5 virus clade 2.3.4.4 was introduced into 
North America through the Beringian Crucible by inter-
continental associations with waterfowl (3). In addition, 
low pathogenicity avian influenza viruses were collected 
in Alaska before initial detection of H5 HPAIV clade 
2.3.4.4, which contained genes that had recent common 
ancestry with reassortant H5N2 virus PB1, nucleoprotein, 
and NA (N2 subtype) genes and H5N1 virus PB1, poly-
merase acidic, NA (N1 subtype), and nonstructural pro-
tein genes of HPAIVs (7).

We report detection of an HPAIV H5N2 subtype from 
wild mallard sampled in Alaska during August 2016. In-
fluenza A virus was detected in 48/188 dabbling duck 
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Recently Discovered Cutavirus in 
Cutaneous Malignant Melanoma 

Technical Appendix 

Methods 

Patient Sample and Ethics Statement 

The human cutaneous malignant melanoma biopsy was obtained from the Department of 

Pathology, Aarhus University Hospital, Aarhus, Denmark. Sample collection, handling, and 

analysis were performed under the ethical protocols H-2–2012-FSP2 (Regional Committee on 

Health Research Ethics) and case no. 1304226 (National Committee on Health Research Ethics). 

In accordance with national legislation (Sundhedsloven), the sample was processed 

anonymously. 

Enrichment of Small Circular DNA Molecules 

Enrichment of circular DNA was performed as described (1). Briefly, total DNA was 

extracted from the sample using the QIAamp DNA Mini kit (QIAGEN, Hilden, Germany) 

following the manufacturer’s instructions. Linear dsDNA was digested using 30 U Plasmid-Safe 

ATP-Dependent DNase (Epicentre, Illumina, San Diego, CA, USA) in the presence of 4 mM 

ATP for 3 h at 37°C. The remaining DNA was amplified for 16 h using the REPLI-g Midi Kit 

(QIAGEN) according to the manufacturer’s instructions. Two μg of DNA was fragmented by the 

Bioruptor NGS (Diagenode, Liege, Belgium) to an average length of 300 bp. The sequencing 

library was prepared with NEBNext reagents (E6070) (New England BioLabs, Ipswich, MA, 

USA) with some modifications. 

Enrichment of Virions 

Enrichment of encapsidated nucleic acids was performed as described (2,3). Briefly, the 

biopsied tissue was homogenized in cold PBS using the TissueLyser II (Qiagen). The 

homogenate was centrifuged for 2 min at 800 × g to remove tissue debris and the supernatant 

http://dx.doi.org/10.3201/eid2302.161564
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was then filtered through a 5-μm centrifuge filter (Millipore, Darmstadt, Germany). The filtrate 

was nuclease digested to remove unprotected nucleic acids with 14 µL TURBO DNase (2U/μL) 

(Ambion, Thermo Fisher Scientific, Foster City, CA, USA), 12 µL Baseline-ZERO DNase 

(1U/μL) (Epicentre), 16 µl RNase Cocktail Enzyme Mix (Ambion), and 40 µL 10 × TURBO 

DNase buffer in a total volume of 400 µL, and incubated at 37°C for 2 h. Nucleic acids from the 

enriched sample were extracted with the High Pure Viral RNA Kit (Roche Life Science, 

Indianapolis, IN, USA) according to the manufacturer’s instructions, with the addition of 10 μg 

linear acrylamide carrier (Applied Biosystems, Thermo Fisher Scientific). The sequencing 

library was prepared with the ScriptSeq v2 RNA-Seq Library Preparation Kit (Epicentre,), 

according to the manufacturer’s instructions, and purified with the Agencourt AMPure XP PCR 

purification system (Beckman Coulter, Atlanta, GA, USA). Because of insufficient 

amplification, the library was reamplified with AccuPrime Pfx DNA polymerase (Life 

Technologies, Carlsbad, CA, USA) and P5 and P7 sequence primers. 

Sequencing 

Paired-end sequencing (2 ×100 bp) was performed on the Illumina HiSeq 2000 platform 

at BGI-Europe (DK-2200 Copenhagen N, Denmark). 

Sequence Data Analysis 

Paired-end sequencing reads were trimmed of adaptor sequences, and overlapping read 

pairs were merged by using AdapterRemoval (4) (version 1.5.3). Reads shorter than 30 nt after 

trimming were excluded from further analysis. For filtering of human reads, the remaining reads 

were mapped to the human genome (hg38) by using the mem algorithm implemented in the 

Burrows-Wheeler Aligner, version 0.7.7 (BWA, http://bio-bwa.sourceforge.net/) (5). Reads of a 

pair were evaluated independently. Reads containing 25 bp or more of low complexity regions 

were filtered out by the DustMasker algorithm (6) (version 1.0.0). Filtered reads were assembled 

de novo with IDBA (7) (version 1.1.1) with default parameters. Contigs were aligned to 

sequences in the NCBI nucleotide database (nt) by BLASTn (megablast) (8) with a cutoff e-

value of 103. 

Assembly of the Cutavirus Genome 

BLASTn analysis initially identified 8 contigs aligning to bufavirus-1 or 2. Of these, 3 

contigs were detected in the dataset from circular DNA enrichment, and 5 were detected in the 
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dataset from the virion-enriched sample. Subsequent analysis revealed that the contigs had high 

similarity to those of he recently reported cutaviruses. The near complete genome of CutaV 

CGG5–268 was assembled from the contigs by using Geneious 7.1.7 software (Biomatters 

Limited, http://www.geneious.com/). The filtered reads were mapped back to the obtained 

genome with BWA. From the circular enrichment and virion-enriched datasets, 7,070 and 1,332 

unique reads, respectively, could be mapped back to the genome, yielding a mean depth of 

coverage of 191. Ambiguous bases were corrected based on the mapped reads. 

Phylogenetic Analysis 

Phylogenetic analysis was performed by aligning the amino acid sequences of the NS1 or 

VP1 protein for the cutavirus strains having full-length sequences and 1 representative for each 

of the 3  bufavirus genotypes. Gray fox amdovirus was used as the outgroup. The sequences 

were aligned by using Clustal Omega, version 1.2.2 (EMBL-EBI, 

http://www.ebi.ac.uk/Tools/msa/clustalo/). The phylogenetic tree was built by the maximum 

likelihood method with 100 bootstrap replicates. The tree was visualized with MEGA7 software 

(9). 

Real-Time PCR 

Real-time PCR of cutavirus was performed on total DNA extracts or sequencing libraries 

prepared from total DNA extracts with the LightCycler 480 Probes Master reagents (Roche), 

including 500 nM target specific primers and 200 nM fluorescently labeled probes (Table 1), 1–

2.5 μL template (Tables 2–3), and H2O to a final volume of 25 μL. Beta-2 microglobulin (B2M) 

primers and probes (Table 1) were used as a positive control. All reactions were run in 

duplicates. PCR cycling conditions were as follows: initial denaturation at 95°C for 10 min, 

followed by 45 amplification cycles of 95°C for 10 s and 60°C for 1 min. 

Two rounds of PCR were run. In the first run, cutavirus primers were run with extracts 

from 7 of the 10 melanoma samples, including the sample in which the cutavirus contigs were 

identified (CGG5–268), and with a sequencing library prepared from total DNA extract from the 

cutavirus sample. B2M primers were run with one of the extracts as a positive control for the 

assay. Both the extract and library originating from the cutavirus sample tested positive, as did 

the B2M positive control (Figure 1). In the second run, cutavirus primers were run with libraries 

originating from the remaining 3 melanoma samples, for which no total DNA extract remained. 
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The cutavirus-positive sample was also included. B2M primers were run with the libraries as 

well, as a positive control. As in the first round, only the library from the cutavirus sample tested 

positive with the cutavirus primers, whereas all libraries tested positive with the B2M primers 

(Figure 2). 
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Technical Appendix Table 1. Primer sequences used in real-time PCR of cutavirus. 

Target Primer Sequence 

CutaV CGG5–268 Forward primer CAGCCATGAAATACCAACCA 
 Reverse primer CCAATTTTCTCCCCAAGTAGG 
 Probe FAM-CATAGAAAGATGGGAAACCACG-BHQ1 
   
B2M Forward primer CAAATCCCACTGTCACATGCA 
 Reverse primer TGGTTGAGTTGGACCCGATAA 
 Probe HEX-TCCCATTTGCCATAGTCCTCACCTATCCCT-BHQ1 

 

Technical Appendix Table 2. Samples tested in first-round real-time PCR of cutavirus* 

Well Well name† Volume used, μL Dye Ct value 

G6 Cutavirus; CGG5–268 extract 1 FAM 28.9 
H6 Cutavirus; CGG5–268 extract <1‡ FAM 27.51 
A4 Cutavirus; CGG5–268 library 1 FAM 30.64 
B4 Cutavirus; CGG5–268 library 1 FAM 30.43 
A10 B2M; CGG5–267 extract 2.5 HEX 28.26 
B10 B2M; CGG5–267 extract 2.5 HEX 28.25 
A2 Cutavirus; CGG5–260 extract 2.5 FAM No Ct 
B2 Cutavirus; CGG5–260 extract 2.5 FAM No Ct 
G2 Cutavirus; CGG5–262 extract 2.5 FAM No Ct 
H2 Cutavirus; CGG5–262 extract 2.5 FAM No Ct 
G4 Cutavirus; CGG5–265 extract 2.5 FAM No Ct 
H4 Cutavirus; CGG5–265 extract 2.5 FAM No Ct 
A6 Cutavirus; CGG5–266 extract 2.5 FAM No Ct 
B6 Cutavirus; CGG5–266 extract 2.5 FAM No Ct 
D6 Cutavirus; CGG5–267 extract 2.5 FAM No Ct 
E6 Cutavirus; CGG5–267 extract 2.5 FAM No Ct 
A8 Cutavirus; CGG5–269 extract 2.5 FAM No Ct 
B8 Cutavirus; CGG5–269 extract 2.5 FAM No Ct 
D8 Cutavirus; H2O 2.5 FAM No Ct 
E8 Cutavirus; H2O 2.5 FAM No Ct 
D10 B2M; H2O 2.5 HEX No Ct 
E10 B2M; H2O 2.5 HEX No Ct 
* B2M, beta-2 microglobulin; Ct, cycle threshold; FAM, 6-carboxyfluorescein; HEX, 6-hexachlorofluoroscein. 
†Well names include primers used and sample name/type. 
‡Less than 1 μL extract remained for the second replicate. 

 
 
 
Technical Appendix Table 3. Samples tested in second round real-time PCR of cutavirus* 

Well Well name† Template dilution Vol. used Dye Ct-value 

A4 Cutavirus; CGG5–268 library 
 

1 FAM 30.13 
B4 Cutavirus; CGG5–268 library 

 
1 FAM 30.54 

B8 B2M; CGG5–261 library 1:10 1 HEX 37.51 
A8 B2M; CGG5–261 library 1:10 1 HEX 37.72 
A10 B2M; CGG5–263 library 1:10 1 HEX 33.04 
B10 B2M; CGG5–263 library 1:10 1 HEX 33.48 
G8 B2M; CGG5–264 library 1:10 1 HEX 31.84 
H8 B2M; CGG5–264 library 1:10 1 HEX 32.35 
E8 B2M; CGG5–268 library 1:10 1 HEX 32.62 
D8 B2M; CGG5–268 library 1:10 1 HEX 33.05 
A2 Cutavirus; CGG5–261 library 

 
1 FAM No Ct 

B2 Cutavirus; CGG5–261 library 
 

1 FAM No Ct 
D2 Cutavirus; CGG5–263 library 

 
1 FAM No Ct 

E2 Cutavirus; CGG5–263 library 
 

1 FAM No Ct 
G2 Cutavirus; CGG5–264 library 

 
1 FAM No Ct 

H2 Cutavirus; CGG5–264 library 
 

1 FAM No Ct 
D4 Cutavirus; H2O 

 
2.5 FAM No Ct 

E4 Cutavirus; H2O 
 

2.5 FAM No Ct 
D10 B2M; H2O 

 
2.5 HEX No Ct 

E10 B2M; H2O   2.5 HEX No Ct 

*B2M, beta-2 microglobulin; Ct, cycle threshold; FAM, 6-carboxyfluorescein; HEX, 6-hexachlorofluoroscein; vol., volume. 
†Well names include primers used and sample name/type. 

. 
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Technical Appendix Figure 1. Amplification curves for the first round of real-time PCR of cutavirus. 

 

Technical Appendix Figure 2. Amplification curves for the first round of real-time PCR of cutavirus. All 

curves below the “B2M” represent libraries run with B2M primers. 

 


